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Description

[0001] The present invention relates to a method for transmitting an uplink signal including control information and
data through an uplink channel.

[Background Art]

Channel structure and mapping of LTE

[0002] The link channel structure and mapping of the 3rd generation partnership project (3GPP) long term evolution
(LTE) will now be described. A downlink physical channel includes a physical downlink shared channel (PDSCH), a
physical broadcast channel (PBCH), a physical multicast channel (PMCH), a physical control format indicator channel
(PCFICH), a physical downlink control channel (PDCCH), and a physical hybrid ARQ indicator channel (PHICH). An
uplink physical channel includes a physical uplink shared channel (PUSCH), a physical uplink control channel (PUCCH),
and a physical random access channel (PRACH).

[0003] A downlink transport channel includes a broadcast channel (BCH), a downlink shared channel (DL-SCH), a
paging channel (PCH), and a multicast channel (MCH). An uplink transport channel includes an uplink shared channel
(UL-SCH) and a random access channel (RACH).

[0004] FIG. 1illustrates a mapping relationship between a downlink physical channel and a downlink transport channel.
FIG. 2 illustrates a mapping relationship between an uplink physical channel and an uplink transport channel. The above-
described physical channels and transport channels are mapped to each other as illustrated in FIGs. 1 and 2.

[0005] Meanwhile, a logical channel classified as a control channel includes a broadcast control channel (BCCH), a
paging control channel (PCCH), acommon control channel (CCCH), a multicast control channel (MCCH), and a dedicated
control channel (DCCH). A logical channel classified as a traffic channel includes a dedicated traffic channel (DTCH)
and a multicast traffic channel (MTCH).

[0006] FIG. 3 illustrates a mapping relationship between a downlink transport channel and a downlink logical channel.
FIG. 4 illustrates a mapping relationship between an uplink transport channel and an uplink logical channel.

Slot structure of LTE

[0007] In a cellular orthogonal frequency division multiplexing (OF DM) radio packet communication system, an uplink/
downlink data packet is transmitted in units of subframes. One subframe is defined as a prescribed time duration including
a plurality of OFDM symbols.

[0008] The 3GPP supports radio frame structure type 1 applicable to frequency division duplex (FDD) and radio frame
structure type 2 applicable to time division duplex (TDD).

[0009] FIG. 5 illustrates the radio frame structure type 1. The radio frame type 1 consists of 10 subframes. One
subframe consists of 2 slots.

[0010] FIG. 6 illustrates the radio frame structure type 2. The radio frame type 2 is comprised of two half-frames. Each
half-frame consists of 5 subframes, a downlink pilot time slot (DWPTS), a guard period (GP), and an uplink pilot time
slot (UpPTS). One subframe consists of two slots. The DwPTS is used for an initial cell search, for synchronization or
for channel estimation. The UpPTS is used for channel estimation in an evolved Node B (eNB), uplink transmission
synchronization of a User Equipment (UE). The GP is an interval for eliminating interference caused by multi-path delay
of downlink signal between uplink and downlink. Namely, irrespective of a radio frame type, one subframe consists of
two slots.

[0011] FIG. 7 illustrates a downlink slot structure of LTE. As illustrated in FIG. 7, a signal transmitted in each slot may
be represented by a resource grid comprised of subcarriers and OFDM symbols. At this time, denotes the number of
resource blocks (RBs) in a downlink, denotes the number of subcarriers constituting one RB, and denotes the number
of OFDM symbols in one downlink slot.

[0012] FIG. 8 illustrates an uplink slot structure of LTE. As illustrated in FIG. 8, a signal transmitted in each slot may
be represented by a resource grid comprised of subcarriers and OFDM symbols. At this time, denotes the number of
resource blocks (RBs) in an uplink, denotes the number of subcarriers constituting one RB, and denotes the number of
OFDM symbols in one uplink slot.A resource element refers to one subcarrier and one OFDM symbol as a resource
unit defined by indexes (a, b) (where a is an index on a frequency domain and b is an index on a time domain) within
the uplink slot and the downlink slot.

[0013] Meanwhile, the eNB transmits control information to a downlink to control a UL-SCH which is an uplink transport
channel. The control information transmitted to the downlink informs the UE of the number of RBs transmitted through
the UL-SCH and a modulation order. In addition, when data is transmitted to an uplink, the control information informs
the UE of a payload size of the data. The payload size may be defined as the sum of the size of information (e.g., the
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size of data, or the size of control information) transmitted from a medium access control (MAC) layer and the size of
cyclic redundancy check (CRC) attached arbitrarily to the information in a physical layer. The payload of the control
information may notinclude the size of the CRC because the CRC cannot be attached to the control information according
to the size of the control information before the CRC is attached to the control information. Specifically, if the size of the
control information to which the CRC is not attached is smaller than or equal to 11 bits, the CRC is not attached to the
control information. In addition, if the size of the control information to which the CRC is not attached is greater than or
equal to 12 bits, the CRC is attached to the control information.

[0014] Data and control information (e.g., Channel Quality Information (CQl) /Precoding Matrix Indicator (PMI) or Rank
Indication (RI)) may be multiplexed together and transmitted through the UL-SCH. In the conventional system, a scheme
for encoding the data differs from a scheme for encoding the control information. Furthermore, in the conventional
system, a block error rate (BLER) of the data and a BLER of the control information, demanded by the eNB, may differ
from each other.

[0015] Furthermore, in the conventional system, even though a code rate of data is known using the modulation order,
the number of RBs, and the payload size of data, a code rate of control information cannot be known. Moreover, since
the data and the control information are multiplexed together and then transmitted through the UL-SCH, the number of
transmitted symbols of the data cannot be known.

[0016] Tosolve such problems, the conventional system was upgraded such that the code rate of the control information
is compensated for by an offset that can be changed by the eNB as compared with the code rate of the data.

[0017] Even if the system is managed as described above, the code rate of the data may be varied by information
multiplexed with the data. Moreover, if the data is not transmitted, the UE cannot estimate a code rate of CQI/PMI or
rank indication for example. Accordingly, a method for calculating a code rate of transmitted information (e.g., CQI/PMI
or rank indication) according to a combination of information transmitted through the UL-SCH is demanded.

[0018] Also, in the conventional communication system, if an error occurs in a data packet due to failure of receipt
after the data packet is transmitted, the corresponding data packet is re-transmitted.

[0019] Also, in the case where re-transmission occurs, if decoding is performed using an initially received data packet
and a data packet received by re-transmission, a success probability of receiving the data packet is increased even
though not all resources employed when the data packet is initially transmitted are used.

[0020] For example, when the communication system operates such that the initial data packet is transmitted without
errors with a probability of 90%, the system does not encounter any problem even when the data packet is re-transmitted
at a code rate higher than a code rate of the initial data packet. Transmitting a data packet at a high code rate means
that less physical transmission resources are used than during the initial transmission of the data packet.

[0021] If a code rate of CQI/PMI or rank indication is calculated using the total number of symbols of the data when
re-transmitting the data packet, a code rate for stably transmitting the CQI/PMI or rank indication may not be set.
Therefore, when data is re-transmitted, a code rate setting method for stably transmitting the CQI/PMI or rank indication
is demanded.

[0022] In summary, in an attempt to save bandwidth while retransmitting, a conventional mobile is commanded by a
base station to reduce the amount of total information bits (i.e., data and control bits) that are retransmitted. This does
not result in an increased error rate for the data bits because the retransmitted payload data is soft combined with the
original payload data. However, corresponding control data of the two signals are not combined for decoding/demodu-
lation. That is, in the conventional system, the truncated control bits of the retransmitted signal are used for code rate
setting, resulting in degraded performance. Thus, the present invention compensates for this degradation in performance
by reusing the original control data in a novel fashion.

[Disclosure]
[Technical Problem]

[0023] If a code rate of CQI/PMI or rank indication is calculated using the total number of symbols of the data when
re-transmitting the data packet, a code rate for stably transmitting the CQI/PMI or rank indication may not be set.
Therefore, when data is re-transmitted, a code rate setting method for stably transmitting the CQI/PMI or rank indication
is demanded.

[0024] In summary, in an attempt to save bandwidth while retransmitting, a conventional mobile is commanded by a
base station to reduce the amount of total information bits (i.e., data and control bits) that are retransmitted. This does
not result in an increased error rate for the data bits because the retransmitted payload data is soft combined with the
original payload data. However, corresponding control data of the two signals are not combined for decoding/demodu-
lation. That is, in the conventional system, the truncated control bits of the retransmitted signal are used for code rate
setting, resulting in degraded performance. Thus, the present invention compensates for this degradation in performance
by reusing the original control data in a novel fashion.
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[Technical Solution]

[0025] Accordingly, the presentinvention is directed to a method and apparatus for transmitting first and second uplink
signals, each having data and control information. The method is according to claim 1 and the apparatus according to
claim 5. Particular embodiments are further defined in claims 2-4 and 6-12. The present invention is also directed to a
method and apparatus for processing received first and a second uplink signals as set out in claims 4 and 13, with
particular embodiments further defined in claims 14-15.

[0026] When data and control information are transmitted via an uplink channel, an uplink signal including the data
and control information can be transmitted by accurately calculating code rates of the data and control information.

[Description of Drawings]

[0027] The accompanying drawings, which are included to provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illustrate embodiments of the invention and together with the
description serve to explain the principle of the invention.

In the drawings:

FIG. 1 illustrates a mapping relationship between a downlink physical channel and a downlink transport channel.
FIG. 2 illustrates a mapping relationship between an uplink physical channel and an uplink transport channel.
FIG. 3 illustrates a mapping relationship between a downlink transport channel and a downlink logical channel.
FIG. 4 illustrates a mapping relationship between an uplink transport channel and an uplink logical channel. FIG. 5
is the radio frame structure type 1.

FIG. 6 is the radio frame structure type 2.

FIG. 7 is a downlink slot structure of LTE.

FIG. 8 is an uplink slot structure of LTE.

FIG. 9 illustrates a processing of data and control information transmitted through a UL-SCH which is an uplink
transport channel.

FIG. 10 illustrates an alternative processing of data and control information transmitted through a UL-SCH which is
an uplink transport channel.

FIG. 11 is a subframe structure after data and control information are multiplexed.

FIG. 12 illustrates an example of modulation constellation coordinates.

FIG. 13 illustrates an example of modulation constellation coordinates.

FIG. 14 describes HARQ (Hybrid Automatic Repeat request) process for explaining data retransmission.

FIG. 15 is a diagram explaining a use relationship of a reference MCS during retransmission of data.

FIG. 16 is a block diagram of a UE according to an exemplary embodiment of the present invention.

FIG. 17 is a block diagram showing constitutional elements of a device 50 that can be either a UE or an eNB.

[Best Mode]

[0028] Reference will now be made in detail to the exemplary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. The detailed description, which will be given below with reference
to the accompanying drawings, is intended to explain exemplary embodiments of the present invention, rather than to
show the only embodiments that can be implemented according to the invention. The following detailed description
includes specific details in order to provide a thorough understanding of the present invention. However, it will be apparent
to those skilled in the art that the present invention may be practiced without such specific details. For example, the
following description will be given centering on specific terms, but the present invention is not limited thereto and any
other terms may be used to represent the same meanings.

[0029] FIG. 9 illustrates processing of data and control information transmitted through a UL-SCH which is an uplink
transport channel.

[0030] A transport block (TB) CRC is attached to the TB of data transmitted to an uplink in step S901. The data is to
be multiplexed with control information (CQI/PMI or rank indication). The CRC attached data is segmented into multiple
code blocks (CBs) according to the size of the TB in step S902 and a CB CRC is attached to the CBs in step S903.
Channel coding is performed upon the CRC-attached CBs in step S904. The channel coded data is rate-matched in
step S905 and CBs are concatenated in step S906. The concatenated CBs are multiplexed with control information in
step S907.

[0031] Meanwhile, a CRC is attached to CQI/PMI in step S908 and channel coding is performed upon the CRC-
attached CQI/PMI in step S909. The channel-coded CQI/PMI is rate-matched in step S910 and multiplexed with the
data in step S907. Although the channel coding process and the rate matching process are described as separate



10

15

20

25

30

35

40

45

50

55

EP 2 129 030 A1

processes, the channel coding process may include the rate matching process in some cases.

[0032] Rank indication is channel-coded in step S911 separately from the data. The channel-coded rank indication

is rate-matched in step S912. Although the channel coding process and the rate matching process are described as

separate processes, the channel coding process may include the rate matching process in some cases.

[0033] A channel interleaving process is performed upon the multiplexed data, CQI/PMI, and rank indication in step

S913.

Channel coding is performed upon acknowledgement (ACK)/negative acknowledgement (NACK) information in step

S914 separately from the data, CQI/PMI, and rank indication.

[0034] The ACK/NACK information is inserted through puncturing a part of the channel-interleaved signal. The inter-

leaved signal into which the ACK/NACK information is inserted is transmitted to the uplink after physical resource

mapping in step S915.

[0035] The channel coded data, CQI/PMI, and rank indication of specific sizes are converted into data, CQI/PMI, and

rank indication having prescribed numbers of symbols or bits transmitted in a physical layer through rate matching. In

this case, the number of symbols or bits transmitted in the physical layer should be present with respect to each of the

data, CQI/PMI, and rank indication.

[0036] FIG. 10 illustrates an alternative processing of data and control information transmitted through a UL-SCH

which is an uplink transport channel.

[0037] Errordetectionis provided on UL-SCH transport blocks through a Cyclic Redundancy Check (CRC) in step S100.

[0038] The entire transport block is used to calculate the CRC parity bits. The bits in a transport block delivered to

layer 1 are denoted by ag,a4,a,,a3,...,d4.¢- The parity bits are denoted by py,p4,02,03,....0;.1- A is the size of the transport

block and L is the number of parity bits.

[0039] Code block segmentation and code block CRC attachment are performed after transport block CRC attachment

in step 110. The bits input to the code block segmentation are denoted by by,b1,b5,b5,...,bg.1 Wwhere B is the number of

bits in the transport block (including CRC). The bits after code block segmentation are denoted by ¢,q,c4 1€12:C3s-+ Cr(K -

1), Where ris the code block number and K; is the number of bits for code block number r.

[0040] Channel coding is performed after code block segmentation and code block CRC in step 120. After encoding

the bi dig.dy.d.d,..d} ith i = i i -
e bits are denoted “r0 »“r1 *“r2 %3¢ (p.—1) by with i= 0,1, and 2 and where D, is the number of bits on the i-th

coded stream for code block number r, i.e. D, = K, + 4.

[0041] Rate matching is performed on Turbo coded blocks after channel coding in step 130. After rate matching, the
bits are denoted by €/0,611,612,6/3,--:€(EF1)> where r is the coded block number, and where E, is the number of rate
matched bits for code block number r.

[0042] Code block concatenation is performed after rate matching in step 140. The bits after code block concatenation
are denoted by fy,f;,f5,f3,...,f5.1, Wwhere G is the total number of coded bits for transmission excluding the bits used for
control transmission, when control information is multiplexed with the UL-SCH transmission.

[0043] The channel coding of the channel quality information is performed with input sequence 04,04,0,,...,0¢.4 in step
150. The output sequence for the channel coding of channel quality information is denoted by qo,q1,q2,q3,...,chQ,-1.

[0044] The channel coding of the Rl is preformed with input sequence [0631] or [06” OIR’] in step 160. [06?[] and
[05" OIR’] denotes 1-bit Rl and denotes 2-bits RI, respectively.

[0045] The channel coding of the HARQ-ACK is performed with input sequence {0616](]’, [O{;CK olACK] or
[O:CK olACK “'03552_1] in step 170. Each positive acknowledgement (ACK) is encoded as a binary ’1’ and each

negative acknowledgement (NAK) is encoded as a binary '0’. HARQ-ACK can consist of 1-bit of information, i.e., [og‘CK ]

ACK OIACK}

ACK
or 2-bits of information, i.e., [00 with OSCK corresponding to ACK/NACK bit for codeword 0 and O,

corresponding to that for codeword 1. In addition, HARQ-ACK can consist of more than two bits information, i.e.

ACK _ACK ACK . . ACK  ACK  ACK ACK . .
[00 0, ---()OACM] with OACK > 2. The bit sequence 4 .4 42  »Gg,. -1 IS obtained by concate-

nation of multiple encoded HARQ-ACK blocks where Q4 is the total number of coded bits for all the encoded HARQ-
ACK blocks.

[0046] The inputs to the data and control multiplexing are the coded bits of the control information denoted by qq,q9,
qz,q3,...,chQI-1 and the coded bits of the UL-SCH denoted by fy,f;,f,,f,...,f5.1 in step 180. The output of the data and
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control multiplexing operation is denoted by gy.94,92.93;-.-.g1.1, Where H =(G+Q¢q)) and H’ = H/Qp,, and where g; with
i=0,...,H-1 are column vectors of length Q,,,. H is the total number of coded bits allocated for UL-SCH data and CQI/PMI
information.

[0047] The channel interleaving is performed with the output of the data and control multiplexing operation denoted
by 90.91,92.93.---.91-1, the encoded rank indication denoted by the g4,91,92,93,--.Gqco 1 @nd the encoded HARQ-ACK

ACK _ACK ACK ACK
denoted by g .qi .Gy e (i)ACK“I

[0048] The bits after channel interleaving are denoted by hg,hq,h,....pHeqQr-1- The number of modulation symbols in

the subframe is given by H"=H'+Q,,

[0049] FIG. 11 illustrates a subframe structure after data and control information are multiplexed. The subframe after
data, CQI/PMI, rank indication, and ACK/NACK information are appropriately multiplexed in a physical layer is as shown
in FIG. 11.

[0050] Hereinafter, a method will be described for calculating code rates of data and control information when data is
transmitted through an UL-SCH.

[0051] When data is simultaneously transmitted together with other information (e.g., at least one of CQI/PMI infor-
mation and rank indication), since such control information transmitted together with the data is multiplexed together
with the data after rate matching, the number of transmitted symbols of the data and the number of transmitted symbols
of the control information transmitted together with the data are needed upon transmission of the data. Herein, "the
number of transmitted symbols" means the number of symbols output through rate matching. Therefore, in the present
invention, "the number of transmitted symbols" is referred to as the number of symbols output through rate matching.
[0052] In addition, in the present invention, a payload size may be defined as the sum of the size of information (e.g.,
the size of data, or the size of control information) transmitted from a medium access control (MAC) layer and the size
of cyclic redundancy check (CRC) attached arbitrarily to the information in a physical layer. The payload of the control
information may not include the size of the CRC because the CRC may not be attached to the control information
according to the size of the control information before the CRC is attached to the control information. Specifically, if the
size of the control information to which the CRC is not attached is smaller than or equal to 11 bits, the CRC is not attached
to the control information. In addition, if the size of the control information to which the CRC is not attached is greater
than or equal to 12 bits, the CRC is attached to the control information.

[0053] If a code rate and a modulation order of the transmitted data are accurately known, a reference modulation
and coding scheme (MCS) may be defined using the code rate and modulation order of the data. An MCS of the control
information transmitted together with the data may be estimated using the reference MCS and using offset information
of the control information.

[0054] Assuming that the inverse of spectral efficiency obtained by a code rate and a modulation order of data is
MCS 4415, MCS,4, may be calculated using the following Equation 1.

1

MCS, =
da CodeRate - Modulation Order

[Equation 1]

[0055] If areference MCS is MCS, 4, a payload size of CQI/PMlis Ngq,, and a parameter expressing, in dB, an offset
value for compensating for a difference between a block error rate of data and a block error rate of CQI/PMI and a
difference between a data encoding scheme and a CQI/PMI encoding scheme is Acq,, the number M, of transmitted
symbols of CQI/PMI may be calculated using the following Equation 2.

AC o1

Mg =| Ney -10 9 - MCS,,,
[Equation 2]

[0056] In Equation 2, " ” denotes a ceiling function. The ceiling functior, represents a function whose value is the
smallest integer not less than a value within the symbol. For example, " 2.3l indicates 3 because the smallest integer
not less than 2.3 is 3.

[0057] In addition, if reference MCS is MCS, s, a payload size of rank indication is Ng,, and a parameter expressing,
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in dB, an offset value for compensating for a difference between a block error rate of data and a block error rate of rank
indication and a difference between a data encoding scheme and a rank indication encoding scheme is Ag;, the number
Mg, of transmitted symbols of rank indication may be expressed by the following Equation 3.

Ap

My =|Ng 10" - MCS,,
[Equation 3]

[0058] If a code rate and modulation order of data used when calculating a reference MCS are known, the number
of transmitted symbols of CQI/PMI and the number of transmitted symbols of rank indication may be calculated. However,
if an eNB commands transmission of data on an UL-SCH, the eNB informs a UE of only the total number of symbols
which can be transmitted when the data and other information are multiplexed, a payload size of the data, and the
modulation order of the data. Therefore, agreement between the eNB and the UE is required to calculate the reference
MCS.

Embodiment 1-A

[0059] AsillustratedinFIG. 9, when the data, CQI/PMI, and rank indication are transmitted together, the data, CQI/PMI,
and rank indication are rate-matched and then multiplexed. To calculate the number of transmitted symbols of each of
the data, CQI/PMI, and rank indication, equations of a complicated closed form or iterative equations should be used.
[0060] Accordingly, a method for briefly calculating the reference MCS is proposed. However, if the method for cal-
culating the reference MCS is simplified, an accurate code rate of the information may not be applied.

[0061] The method for calculating the reference MCS uses the code rate and modulation order of data under the
assumption that only the data is transmitted on the UL-SCH without transmitting the CQI/PMI or rank indication.
[0062] Specifically, a reference code rate may be calculated using the following Equation 4.

N data

data = —-_——PUSCT
Qdara M RE

CR
[Equation 4]

where CR,,;, denotes a reference code rate, N, denotes a payload size of data, Q.;, denotes a modulation order

PUSCH
of data which is a reference modulation order, and MRE is the total number of symbols which can be transmitted

PUSCH
through a physical channel when transmitting data through the UL-SCH. In the present invention, the RE is
it PUSCH
correspond to M:ZUSCH NgﬁCH il \vhere the Mse is the scheduled bandwidth for PUSCH transmission in
PUSCH

a current sub-frame for the transport block, and ~ ™ is the number of SC-FDMA symbols in the current PUSCH
transmission sub-frame.
[0063] Therefore, the reference MCS MCS, s may be calculated using the following Equation 5.

PUSCH
1 M,

MCS,, = =
CRdara ) Qdata

data

[Equation 5]

where CR,;, denotes a reference code rate, N, denotes a payload size of data, Q,;, denotes a modulation order

PUSCH
of data which is a reference modulation order, and MRE denotes the total number of symbols which can be trans-
mitted through a physical channel when transmitting data through the UL-SCH.
[0064] Generally, a CRC is attached to data to check for errors. In Equation 4 and Equation 5, the payload size N,
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of data is defined as a value including the CRC but may not include the CRC for simple approximation.

Application of Embodiment 1-A: in the case where data and CQI/PMI are transmitted together

[0065] When data and CQI/PMI are transmitted on the UL-SCH, the reference MCS is calculated using the payload
size N4, of data. The number of finally transmitted symbols of the CQI/PMI may be calculated using the following
Equation 6.

Acgy

My =| Ny 10 © - MCS,,,

[Equation 6]

where N¢q, denotes a payload size of CQI/PMI, and A, denotes a parameter expressing, in dB, an offset value for
compensating for a difference between the block error rate of data and the block error rate of CQI/PMI and a difference
between a data encoding scheme and a CQI/PMI encoding scheme, and M¢q, denotes the number of transmitted
symbols of CQI/PMI after rate matching.

[0066] If the number Mg, of transmitted symbols of the CQI/PMI is obtained using Equation 6, the number M, of
transmitted symbols of data may be calculated using the following Equation 7.

M

- - MPUSCH -M
[Equatlon 7] data RE cQI

PUSCH
where RE denotes the total number of symbols which can be transmitted through a physical channel when
transmitting data on a UL-SCH. Since the data and CQI/PMI are multiplexed after they are rate-matched, the number

PUSCH
M RE

of symbols obtained by subtracting Mg, from is the number M, of symbols of data.

Application of Embodiment 1-A: in the case where data and rank indication are transmitted together

[0067] When data and rank indication are transmitted on the UL-SCH, the number Mg, of transmitted symbols of the
rank indication may be calculated using the following Equation 8, similarly to when the data and CQI/PMI are transmitted.

Agr

M, =|N, 10" -MCS,,

RI

[Equation §]

where Ng, denotes a payload size of rank indication, and Az, denotes a parameter expressing, in dB, an offset value
for compensating for a difference between the block error rate of data and the block error rate of rank indication and a
difference between a data encoding scheme and a rank indication encoding scheme, and Mg, denotes the number of
transmitted symbols of rank indication.

[0068] Once Mg, is obtained using Equation 8, the number M, of transmitted symbols of data may be calculated
using the following Equation 9.

M

e PUSCH
[Equation 9[ data ~ MRE - MRI

PUSCH
where MRE denotes the total number of symbols which can be transmitted through a physical channel when
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transmitting data on a UL-SCH. Since the data and rank indication are multiplexed after they are rate-matched, the

PUSCH
number of symbols obtained by subtracting Mg, from RE is the number M;, of symbols of the data.

Application of Embodiment 1-A: in the case where data, CQI/PMI, and rank indication are transmitted together

[0069] When the data, CQI/PMI, and rank indication are transmitted together, the number Mg, of transmitted symbols
of CQI/PMI and the number Mg, of transmitted symbols of rank indication are calculated using the reference MCS as
follows.

[Equation 10]

ARI
My =| Ny, 10 -MCS,,,
[Equation 11]

PUSCH
[0070] If Mg, and Mg, are obtained, M, is calculated using * RE as follows.

M

_ A PUSCH __ _
[Equation 12] daa = M g Moo =My,

[0071] For accurate decoding of data, CQI/PMI, and rank indication between a UE and an eNB, the above-mentioned

Acg Ay
calculations should be accurately carried out. However, since the above equations include 10 10 10 10 etc.,
¥ k4

irrational number values may be calculated. Therefore, a calculation result in the UE and the eNB may vary according

ACQI Agy
to calculation methods of multiplication, division, and 10“1‘0" and IOTD“ in the UE and eNB.

[0072] A method is proposed for calculating the numbers of transmitted symbols of CQI/PMI and rank indication such
that a calculation result of division does not generate a remainder.

[0073] The numbers of transmitted symbols of the CQI/PMI and rank indication are calculated using the following
Equation 13.

AX
M, =|N,-10"-MCS,
[Equation 13]

where Ny denotes a payload size of information X, Ay denotes a parameter expressing, in dB, an offset value for
compensating for a difference between the block error rate of data and the block error rate of the information X and a
difference between a data decoding scheme and an information X decoding scheme, and M denotes the number of
transmitted symbols of information X.
AX’
[0074] In Equation 13, 10?5 and MCS, defined in Equation 5 may be differently calculated in the UE and the
.
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A
eNB. The UE and eNB may promise to previously define IOTg' as a quantized value.

Ay A
[0075] Table 1 listed below shows a result of quantizing 107{)’ For example, the UE and the eNB may define 10‘1‘5

Ay

Ax Ay
as a quantized value as shownin Table 1. In Table 1, By quan 1010 indicates a value of quantizing 10“10“
(= )

Ay
A fractional part of ﬂx = quan 1010 | may be expressed by N bits. In Table 1, a quantized result of By is shown

such that a fractional part thereof can be expressed by 6 bits.

[Table 1]

Ay

Index Ay :Bx = quan 1010

0(000) | 0dB 1.0000000000
1(001) | 1dB 1.2500000000
2(010) | 2dB 15781250000
3(011) | 3dB 1.9843750000

2.5000000000
7(111) | 7dB 3.1562500000

[0076] Table 2 and 3 listed below show a result of calculating By when the information X is CQI/PMI or rank indication.

[Table 2]

Index Bry
0 1.250
1.625
2.000
2.500
3.125
4.000
5.000
6.250
8.000
10.000
0 12.625
11 15.875
12 20.000

—_

2O || N[O | W[IDN

13 reserved

14 reserved

10
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(continued)

Index Br

15 reserved

[Table 3]
Index | Beqs
0 0.750
1.000
1.125
1.250
1.375
1.625
1.750
2.000
2.250
2.500
2.875
3.125
3.500
4.000
5.000
15 6.250

—_

Ol Nl B~ W|DN

N
o

-
-

RN
N

RN
w

—
.[;

[0077] Since MCS,,; may have various values, the UE and eNB should store large quantities of values in order to
define MCS, s as a quantized value between the UE and the eNB. However, in order not to store the quantized value,
division which may generate a non-integer calculation result should be eliminated.

[0078] Using Equation 13 and Equation 5, the number My of transmitted symbols of information X can be as follows.

Ay Ay MPUSCH
My =| Ny 10" - MCS,,, |=| Ny 1070 - 28—
[EquatiOn 14J data

[0079] In Equation 14, a denominator of MCS,,s may be transposed towards M. When transposing values within a

Y

) may be converted to inequality (">"). Namely, in the ceiling function, 7 =|-—| can

X

ceiling function, equality (

be expressed as Z-X>Y on condition that Z is the smallest integer satisfying Z-X>Y.
[0080] Thus, an equation for calculating the number of transmitted symbols of information X transmitted through a
physical channel to solve a quantization problem may be defined as follows.

M, N, =N, B, M

data

[Equation 15]

11
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PUSCH
where MRE denotes the total number of symbols which can be transmitted through a physical channel when
transmitting data through a UL-SCH, N,,;, denotes a payload size of data, Ny denotes the payload size of the information

Ay
X, My denotes the number of transmitted symbols of the information X and By denotes a value of quantizing 10’1'6

When N, Ny, By, and M:gSCH are given, M, becomes the smallest integer satisfying Equation 15.
[0081] In addition, since By is greater than 1, the inverse of By, that is, [)); = l/ﬂx may be used in Equation 15.

The reason why ﬁ;( is used is that when storing By, an integer part and a fractional part should be stored but when

memorizing B’y, only the fractional part can be stored. Accordingly, Equation 15 for calculating the number of transmitted
symbols of the information X through a physical channel to solve the quantization problem may be defined as follows.

, - > . g PUSCH
[Equation 16] My By Nywy 2Ny - My,

[0082] When Ny, , Ny, B'x, and M;gSCH are given, My is the smallest integer satisfying Equation 16.

[0083] In Embodiment 1-A, the reference MCS is calculated using a code rate and a modulation order of data under
the assumption that only the data is transmitted on a UL-SCH without transmitting CQI/PMI or rank indication. Therefore,
the reference MCS may not be an accurate value.

[0084] Namely, in Embodiment 1-A, an accurate code rate may not be applied to information (i.e., data, CQI/PMI and
rank indication). Assuming that the reference code rate is a code rate of data, the code rate of data can be determined
only when an occupied ratio of CQI/PMI and rank indication among the entire amount of information should be determined.
The occupied ratio of CQI/PMI and rank indication among the entire amount can be known only when the code rate of
data should be determined.

Embodiment 1-B

[0085] In Embodiment 1-B of the present invention, a method is proposed for simultaneously calculating reference
code rates of data, CQI/PMI and rank indication in a closed form using the fact that the total number of transmitted
symbols is the sum of the numbers of transmitted symbols of the data, CQI/PMI and rank indication on a UL-SCH.
Specifically, assuming that a reference MCS is an unknown parameter and the numbers of transmitted symbols of
CQI/PMI and rank indication are expressed as a function of the reference MCS, since the total number of transmitted
symbols of the data, CQI/PMI and rank indication is known, an accurate reference MCS can be obtained.

Application of Embodiment 1-B: in the case where data and CQI/PMI are transmitted together

[0086] When only data and CQI/PMI are transmitted, the total number of transmitted symbols may be indicated by
the sum of the number of transmitted symbols of the CQI/PMI and the number of transmitted symbols of the data.
Accordingly, a reference MCS is calculated using the equation for calculating the number of transmitted symbols of the
CQI/PMI and the equation for calculating the number of transmitted symbols of the data. Next, the number of transmitted
symbols of the data is calculated using the calculated reference MCS and the number of transmitted symbols of the
CQI/PMI are calculated.

[0087] More specifically, the number of transmitted symbols of the data is calculated using the following Equation 17.
In this case, the number of transmitted symbols of the CQI/PMI is expressed by a function of the number of transmitted
symbols of the data and a closed-form equation is obtained as shown in the following Equation 18.

Ay

N 109 -MCS,, |+[N,, -MCS,, |

duta

PUSCH __
Mg =My + M

data

12
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R pyp M
— 0, data . data
- NCQI 10 + Ndara
- . data [Vu’a!a
[Equation 17]
Acor
PUSCH __ A 0, data
MRE =N coi 10 +M data

dara

[Equation 18]

[0088] In Equation 17 and Equation 18, N, denotes a payload size of data, M, denotes the number of transmitted

symbols of the date, M;gSCH denotes the total number of symbols which can be transmitted through a physical channel,

MCS, s denotes a reference MCS, N, denotes a payload size of CQI/PMI, A, denotes a parameter expressing, in
dB, an offset value for compensating for a difference between a block error rate of data and a block error rate of CQI/PMI
and a difference between a data encoding scheme and a CQI/PMI encoding scheme, and M, denotes the number of
transmitted symbols of CQI/PMI.

[0089] Meanwhile, to solve a quantization problem, Equation 18 may be replaced with the following Equation 19.

ISCH
{Equation 19] (M;}g - Mdata ) Ndam 2 NCQI ’ :BCQI ’Mdam

Acyr
where Bcq, denotes a value obtained by quantizing () 10 . When Nga, Negy Bogr and M > are given, Myy,

is the smallest integer satisfying Equation 19.
[0090] If M,,,, is obtained using Equation 19, Mg, may be calculated using the following Equation 20.

_ af PUSCH _
MCQI - MRE Mdata

[Equation 20]

Application of Embodiment 1-B: in the case where data and rank indication are transmitted together

[0091] When only data and rank indication are transmitted a UL-SCH, the number of transmitted symbols of the rank
indication is calculated similarly to the case where only the data and CQI/PMI are transmitted. A reference MCS is
calculated using the equation for calculating the number of transmitted symbols of the rank indication and the equation
for calculating the number of transmitted symbols of the data. The number of transmitted symbols of the data is calculated
using the calculated reference MCS and the number of transmitted symbols of the rank indication is calculated.

[0092] More specifically, the number of transmitted symbols of the data is calculated using the following Equation 21.
In this case, the number of transmitted symbols of the rank indication is expressed by a function of the number of
transmitted symbols of the data and a closed-form equation is obtained as shown in the following Equation 22.

A

=| N, 10 -MCS,, |+]N,

aia

MBS M+ M -MCS,GJ

data

13
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A
leo»lahf}.{_@i‘l. + NI _Mdam
. ) N aata
[Equation 21] data data
AR!
le;gscn =| Ng -107° %m +M
[Equation 22] data

[0093] In Equation 21 and Equation 22, N, denotes a payload size of data, M, denotes the number of transmitted

symbols of the date, M PUSCH genotes the total number of symbols which can be transmitted through a physical channel,
RE

MCS, s denotes a reference MCS, Ng, denotes a payload size of rank indication, Az, denotes a parameter expressing,

in dB, an offset value for compensating for a difference between a block error rate of data and a block error rate of rank
indication and a difference between a data encoding scheme and a rank indication encoding scheme, and Mg, denotes

the number of transmitted symbols of rank indication.
[0094] Meanwhile, to solve a quantization problem, Equation 22 may be replaced with the following Equation 23.

(Mo =M, )N,

a,

ta ZNRI 'ﬁRl ‘Mdam

[Equation 23]
=4 PUSCH
where B, denotes a value obtained by quantizing 1010 When N, Nry, Br, and MRE are given, M, is the

smallest integer satisfying Equation 23.
[0095] If M, is obtained using Equation 23, Mg, may be calculated using the following Equation 24.

_ aq PUSCH _
M RI ™ M RE M duta

[Equation 24]

Application of Embodiment 1-B: in the case where data, CQI/PMI, and rank indication are transmitted together

[0096] When data, CQI/PMI, and rank indication are transmitted, the total number of transmitted symbols on a UL-
SCH may be indicated by the sum of the number of transmitted symbols of the CQI/PMI, the number of transmitted
symbols of the rank indication, and the number of transmitted symbols of the data. Therefore, a reference MCS may be
calculated using the equation for calculating the number of transmitted symbols of the CQI/PMI, the equation for calcu-
lating the number of transmitted symbols of the rank indication, and the equation for calculating the number of transmitted
symbols of the data. The number of transmitted symbols of the data may be calculated using the calculated reference
MCS and the numbers of transmitted symbols of the CQI/PMI and the rank indication may be calculated.

[0097] More specifically, the number of transmitted symbols of the data is calculated using the following Equation 25.
In this case, the numbers of transmitted symbols of the CQI/PMI and the rank indication are expressed by a function of
the number of transmitted symbols of the data and a closed-form equation is obtained as shown in the following Equation
26.

14



15

20

25

30

35

40

45

50

55

EP 2 129 030 A1

PUSCH __
M, -MCQ, My +M

data

Acor éjg_
— 10 10
=[Ny 10 - MCS, . |+| Ny 101 -MCS,, |+ N, - MCS,,,
M M |y M
= . 10 | daa . 10, dag . data
= NCQI 10 J I+ NR[ 10 1+ data Naa
{E qu at 1 on 25] data data data
Aoy M Apy M
PUSCH __ 10 d 10 lata
MRE = NCQI -10 ) “+ NRI 1019 — +Mdam
[Equati on 26] data data
[0098] In Equation 25 and Equation 26, N, denotes a payload size of data, M, denotes the number of transmitted

symbols of the date, M:gSCH denotes the total number of symbols which can be transmitted through a physical channel,

MCS, s denotes a reference MCS, N, denotes a payload size of CQI/PMI, Agq, denotes a parameter expressing, in
dB, an offset value for compensating for a difference between a block error rate of data and a block error rate of CQI/PMI
and a difference between a data encoding scheme and a CQI/PMI encoding scheme, Mqq, denotes the number of
transmitted symbols of CQI/PMI, Ng, denotes a payload size of rank indication, Az, denotes a parameter expressing, in
dB, an offset value for compensating for a difference between a block error rate of data and a block error rate of rank
indication and a difference between a data encoding scheme and a rank indication encoding scheme, and Mg, denotes
the number of transmitted symbols of rank indication.

[0099] Meanwhile, to solve a quantization problem, Equation 26 may be replaced with the following Equation 27.

data

ISC,
[Equation 27] (Miffb " Ma’a:a ) Ndam 2 NRI ' ﬂm ’Mzima + NCQ! ’ ﬁCQl M

ACQ! A
where B, denotes a value obtained by quantizing 10 1o Brs denotes a value obtained by quantizing 107@’"
b

When Nyasa, Nrp Bri Neqr Begrr and Mggsm are given, M, is the smallest integer satisfying Equation 27.

[0100] If M, is obtained, Mg, or M, is calculated. At this time, a method for calculating Mg, using the following
Equation 28 is proposed after calculating M., so that a code rate of rank indication by a ceiling function may be lower
than a reference code rate. This is because the rank indication may be more important than CQI/PMI.

Sa M

. coiI

PUSCH
M -M I
ol

data ™~

[Equation 28]

[0101] Meanwhile, to solve a quantization problem, Equation 28 may be replaced with Equation 29.

[Equation 29] (Mffgsm M s — ‘MCQI ) NCQI 2Ny, ’:BRI 'MCQI

15
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[0102] When M., Nry, Bri, Ncqi» and M;EUSCH are given, Mcq, is the smallest integer satisfying Equation 29.

[0103] If M., and Mg, are obtained, Mg, may be calculated as follows.

__ aq PUSCH
MR/"MRE “Mdum“MCQI

[Equation 30]

[0104] Meanwhile, if Mg, is calculated before calculating M, the following Equation 31 may be used.

ACQI M
M M —M e =M +| N, 1010 —EL

data
RI

[Equation 31]

[0105] To solve a quantization problem, Equation 31 may be replaced with Equation 32.

(Mggsm“M "MRI)'NMZNCQI'/BRI'MRI

data

[Equation 32]

[0106] When Mg, Ngy, Briy Negr @and M}fgSCH are given, Mg, is the smallest integer satisfying Equation 32.
[0107] If M., and Mg, are obtained, Mg, may be calculated as follows.

__ x g PUSCH
MCQ1“MR5 -M "'Mm

data

[Equation 33}

[0108] The reason why Mqq, or Mg, is calculated after calculating M,,,, by the above methods is that values of

L. used as a reference MCS are determined to be almost equal.
RI

and
N . N coI

data

[0109] , In the case where a CRC having a different length is attached to each of data and CQI/PMI or a plurality of

M,. MCQI M,
and
N cor

substantially same reference MCS. Accordingly, to calculate all the values from one equal reference MCS, Equation 28
may expressed by the following Equation 34.

CRCs is attached to each of the data and CQI/PMI, the values of may not indicate the

data RI

ARI

=M
M g~ M e =M g +| N, 1107 -—N"“’“
[Equation 34] »

[0110] To solve a quantization problem, Equation 34 may be replaced with Equation 35.

PUSCH
(MRE —Mdam "‘MCQI)'Ndam 2 Nm ':BRI ’Mdaxa

[Equation 35]
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[0111] When My,t,, Nyatar Ny Bry, @and M;éfSCH are given, Mcq, is the smallest integer satisfying Equation 35.

[0112] If M., and Mg, are obtained, Mg, may be calculated as follows.

_ xq PUSCH
MRJ‘MRE -M _MCQI

data

[Equation 36]

[0113] Similarly, Equation 31 may be expressed by the following Equation 37. M., Mcq;, and Mg, are calculated
using Equation 37.

S g
— 10 Jata
=My +| Ney, 110 10 - dae

M PUSCH _ g
RE N

data
data

[Equation 37]

[0114] To solve a quantization problem, Equation 37 may be replaced with the following Equation 38.

(MifgSCH”M mMRi)'Naam ZNCQI'ﬁRI'M

data data

[Equation 38]

[0115] When Myasa, Nyatar Brir Ncgr» and Mggscu are given, Mg, is the smallest integer satisfying Equation 38.
[0116] If M., and Mg, are obtained, Mg, may be calculated as follows.

— PUSCH
[Equati()l} 39} MCQ" - MRE - M(iﬁm - MRI

[0117] In Embodiment 1-B, an order for calculating My,,, Mg, and M, are as follows.

(1) Step 1 (step for obtaining M ..):

i ofrsi PUSCH ;
Mdata satisfying (MRE - lwqu ) lvu’a!a 2 NR[ ) ﬂ:‘?f ) M&am + NC‘QI ) ﬁCQi ) Iwzlam s caloulated. n

this case, when Ngaia, Nry Bri: Noan Boor and M [75 are given, Mgy, is the smallest integer satisfying

the above equation.
(2) Step 2 (step for obtaining Msq)):
s PUSCH . .
Mcq, satisfying (MRE -Mdm _MCQI). Ndam > NR] ,ﬂm 'Mdum is calculated. In this case, when
Mgatar Ngatas Nrj» Rry» @and N}fgSCH are given, Mqq, is the smallest integer satisfying the above equation.
(3) Step 3 (step for obtaining Mg)):

, ,  a g PUSCH
Mg, is calculated using M 4, = M > M

dara ~ M col

Embodiment 1-C

[0118] In Embodiment 1-A, the reference MCS does not actually consider an accurate code rate and modulation order
of information when data, CQI/PMI, and rank indication are transmitted. In Embodiment 1-B, the method for calculating
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each information field is complicated. In Embodiment 1-C, a method for expressing the reference MCS as a function of
a variety of information is proposed using the fact that an MCS of information most approximates to the reference MCS
when utilizing Embodiment 1-B. That is, an approximated equation is used as follows.

MCSref ~ Mdata ~ IWCQ’ ~ MRI
[Equation 40) Nuwa  Neg Ny

where reference symbol "=" indicates that a left value and a right vale are approximately equal.

[0119] When defining the reference MCS as the ratio of the number of transmitted symbols of information to a payload
size of information, a problem of not being aware of the number of transmitted symbols of information arises. However,
since the total number of transmitted symbols is known, the reference MCS may be obtained using the following Equation
41 without calculating the number of transmitted symbols of information.

B

A

B, _B+B,+B;
A, A +A +A,

(]

B
AI

3]

[Equation 41]

[0120] Using Equation 41, the following Equation 42 may be induced.

_ aq PUSCH
M ] i M R (M daa T M cor ¥ M RI ) =M RE
ﬂCQl N co! ﬁm ) Nm ]Vdam + ﬂCQl ’ NCQI + ﬁm ’ NR{

M
MCS vt = v data
[Equatlon 42 I data

[0121] Even though a variety of information is multiplexed and then transmitted, a UE recognizes the total number of
transmitted symbols and a payload size of corresponding information. In addition, even when the number of transmitted
symbols of corresponding information is unknown, an approximate reference MCS may be calculated using the fact that
the sum of the numbers of transmitted symbols of corresponding information is equal to the total number of symbols
transmitted on an UL-SCH.

[0122] In this case, since the number of transmitted symbols of corresponding information is determined by an offset
value for compensating for a difference in a coding gain or an operation block error rate with respect to data, the reference
MCS may be defined as follows.

(1) When data and CQI/PMI are transmitted on a UL-SCH, the reference MCS may be defined by the following
Equation 43.

MCSmf - M, +M cor _: M :gSCH
[Equation 43] Nuwa + Beor *Neor  Nuwa + Peor *Neo

(2) When data and rank indication are transmitted on a UL-SCH, the reference MCS may be defined as follows.

M + M M PUSCH
MC S et — data Ri — RE

[Equation 44] Nda!a + IBRI ) NRI N(Iata + ﬁRl ’ NRI

(3) When data, CQI/PMI, and rank indication are transmitted on a UL-SCH, the reference MCS may be defined as
follows.
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data

MCS, = M pua ¥ Mg + My M FseH

[Equation 45] " Ndara + ﬁCQl 'NCQ! + IBRI 'NRI Nduta + ﬁCQI 'NCQI + ﬁm 'NRI

[0123] Namely, the reference MCS is defined as a value obtained by dividing the total number of symbols transmitted
on a UL-SCH by the sum of payload sizes of transmitted information. At this time, offset values for compensating for a
difference with the reference MCS of data such as a difference in an encoding scheme, in an operation block error rate,
etc. are multiplied to the payload size of corresponding information.

[0124] Therefore, the numbers of actually transmitted symbols of CQI/PMI and rank indication may be calculated
using the following Equation 46.

Ay
My =|N,-10° -MCS,, |=[N, - B, -MCS,, |
[Equation 46]

where Ny denotes a payload size of information X, 4y denotes a parameter expressing, in dB, an offset value for
compensating for a difference between a data decoding scheme and an information (X) decoding scheme, and My
denotes the number of transmitted symbols of information X. In this case, the information X may be CQI/PMI or rank
indication.

[0125] The number of transmitted symbols of data is a value obtained by subtracting the numbers of transmitted
symbols of CQI/PMI and rank indication from the total number of symbols which can be transmitted.

[0126] The following examples indicate methods for calculating the number of transmitted symbols of data.

(1) When data and CQI/PMI are transmitted on a UL-SCH, the number of transmitted symbols of data is calculated
as follows.

[Equation 47] M e

_ Aq PUSCH

- MRE - MCQI

(2) When data and rank indication are transmitted on a UL-SCH, the number of transmitted symbols of data is
calculated as follows.

M

_ pg PUSCH _
data ™ M RE M RI

[Equation 48]

(1) When data, CQI/PMI, and rank indication are transmitted on a UL-SCH, the number of transmitted symbols of
data is calculated as follows.

[Equation 49] M

:Mﬁgsm “MCQI -M,

[0127] While the case where data is transmitted on a UL-SCH has been described, CQI/PMI and rank indication may
be transmitted on the UL-SCH without transmitting the data.

[0128] Hereinafter, a method will be described for calculating a code rate of control information when data is not
transmitted on a UL-SCH.

[0129] Insuch acase, an eNB informs a UE of only the total number of symbols transmitted on the UL-SCH. Therefore,
a reference MCS is not present. A method is proposed for calculating the reference MCS when CQI/PMI and rank
indication are transmitted on the UL-SCH.
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Embodiment 2-A

[0130] In Embodiment 2-A, a method is proposed for calculating a reference MCS using the code rate and modulation
order of CQI/PMI under the assumption that only the CQI/PMI is transmitted on a UL-SCH when the CQI/PMI and rank
indication are transmitted.

[0131] The code rate of the CQI/PMI may be defined as follows.

N col

CRey = Oy P
QCQI RE

[Equation 50]

where CRq, denotes a reference code rate, N, denotes a payload size of CQI/PMI, Qq, denotes a modulation order

of CQI/PMIwhichis areference modulation order, and MﬁgSCH denotes the number of symbols which can be transmitted

through a physical channel when transmitting CQI/PMI on a UL-SCH.
[0132] Accordingly, the reference MCS may be calculated as follows.

PUSCH
1 My

MCS,, = =
[Equation 51] CRegr *Qeor Neg

Application of Embodiment 2-A: in the case where CQI/PMI and rank indication are transmitted together

[0133] When CQI/PMI and rank indication are transmitted together, the number of transmitted symbols of the rank
indication is calculated first using a reference MCS as shown in the following Equation 52. Next, the number of transmitted
symbols of the CQI/PMI is calculated by subtracting the number of transmitted symbols of the rank indication from the
total number of symbols which can be transmitted through a physical channel.

ARl
M, =| N, 10" -MCS,,,
[Equation 52]

__ agq PUSCH
M cor M RE -M RI

[Equation 53]

[0134] In Equation 52 and Equation 53, Ng, denotes a payload size of rank indication, Ag, denotes a parameter

expressing, in dB, an offset value for compensating for a difference between a block error rate of data and a block error
rate of rank indication and a difference between a data encoding scheme and a rank indication encoding scheme, Mg,

denotes the number of transmitted symbols of rank indication, M;EUSCH denotes the total number of symbols which

can be transmitted through a physical channel, and M, denotes the number of transmitted symbols of CQI/PMI.

[0135] However, the method described in Embodiment 2-A may be differently implemented in a UE and an eNB as
described in Embodiments 1-A and 1-B.
[0136] Therefore, to solve such a problem, Equation 52 may be replaced with the following Equation 54.

PUSCH
[Equation 54] My Negr 2 Ny - By - Mg
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[0137] When N¢qp, Ny, Br, and M :gSCH are given, Mg, is the smallest integer satisfying Equation 54.

[0138] If Mg, is obtained, Mg, is calculated using Equation 53.

[0139] When calculating a code rate of the CQI/PMI using the method described in Embodiment 2-A, an accurate
code rate is not applied to information (i.e., CQI/PMI and rank indication). Assuming that a reference code rate is a code
rate of the CQI/PMI, the code rate of the CQI/PMI can be determined only when an occupied ratio of rank indication
among the entire amount of information should be determined. Namely, the method described in Embodiment 2-A
assumes the code rate of the CQI/PMI in an ideal state as the reference code rate under the assumption that only the
CQI/PMI is transmitted.

Embodiment 2-B

[0140] In Embodiment 2-B, a method is proposed for simultaneously calculating reference code rates of CQI/PMI and
rank indication in a closed form using the fact that the total number of transmitted symbols is the sum of the numbers
of transmitted symbols of the CQI/PMI and rank indication on a UL-SCH.

[0141] Specifically, assuming that a reference MCS is an unknown parameter and the numbers of transmitted symbols
of CQI/PMI and rank indication are expressed as a function of the reference MCS, since the total number of transmitted
symbols of the CQI/PMI and rank indication is known, an accurate reference MCS can be obtained.

[0142] When the CQI/PMI and rank indication are transmitted on the UL-SCH, the total number of symbols transmitted
on the UL-SCH may be indicated by the sum of the number of transmitted symbols of the CQI/PMI and the number of
transmitted symbols of the rank indication. Accordingly, a reference MCS is calculated using the equation for calculating
the number of transmitted symbols of the rank indication and the equation for calculating the number of finally transmitted
symbols of the CQI/PMI. The number of transmitted symbols of the rank indication is calculated using the calculated
reference MCS and then the number of transmitted symbols of the CQI/PMI is calculated.

[0143] Namely, the number of transmitted symbols of the rank indication is calculated using the following Equation
55. In this case, the number of transmitted symbols of the CQI/PMI is expressed as a function of the number of transmitted
symbols of the rank indication and a closed-form equation is obtained as shown in the following Equation 56.

PUSCH __
[Equation 55] M = Mg + My,

[M;éfsw =M o +| Ng -107° "MCS, ;| =My +| Ny - 10 o W’C_QL
[Equation 56] ol

[0144] In Equation 54 and Equation 55, Ng, denotes a payload size of rank indication, Ag, denotes a parameter

expressing, in dB, an offset value for compensating for a difference between a block error rate of data and a block error
rate of rank indication and a difference between a data encoding scheme and a rank indication encoding scheme, Mg,

denotes the number of transmitted symbols of rank indication, Mgélsm denotes the total number of symbols which

can be transmitted through a physical channel, and M, denotes the number of transmitted symbols of CQI/PMI.
[0145] To solve a quantization problem, Equation 56 may be replaced with the following Equation 57.

[Equation 57] (M M col ) Negi Z Ny Bry - Mg

Bp
where B, denotes a value obtained by quantizing {() 10 When Ngy, Ncg. Bry: and M;gSCH are given, Mg is the

smallest integer satisfying Equation 57.
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Embodiment 2-C

[0146] Embodiment2-C uses the same principle as Embodiment 1-C. Since there is no transmitted data, rank indication
is calculated first when calculating CQI/PMI. Accordingly, when the rank indication and CQI/PMI are transmitted on a
UL-SCH, a reference MCS is defined as follows.

MCS . = MCQI + MRI _ M;gSCH
ref -
[Equation 58] ﬂCQl 'NCQI + :BRI 'NRI ;BCQI 'NCQ1 + ﬂRl 'NRI

[0147] The number of transmitted symbols of the rank indication is calculated using the following Equation 59. The
number of transmitted symbols of the CQI/PMlI is a calculated by subtracting the number of transmitted symbols of the
rank indication from the total number of symbols transmitted on the UL-SCH.

Ay
My =|Ny 109 -MCS,, |=[N, B, -MCS,, ]
[Equation 59]

where Ny denotes a payload size of information X, Ay denotes a parameter expressing, in dB, an offset value for
compensating for a difference between a data decoding scheme and an information (X) decoding scheme, and My
denotes the number of transmitted symbols of information X. In Equation 59, the information X may correspond to the
rank indication.

Embodiment 3

[0148] ACK/NACK information is inserted through puncturing multiplexed data, CQI/PMI, and rank indication and thus
a code rate of the information can be changed. However, since an eNB does not always know whether or not a UE
transmits ACK/NACK information, the number of transmitted symbols of ACK/NACK information is independently cal-
culated using a reference MCS after the number of occupied symbols on a UL-SCH.

MPUSCH Mduta
0149] Whendataispresent, MCS , =—=EE or MCSM, = is used as a reference MCS. When data
[ p ref f

data data
MPUSCH
. e . . M RE
is not present and only CQI/PMI and rank indication are transmitted on a UL-SCH, MCSmf B e O
cor

MCS

M
col
ref — e is used as the reference MCS. That is, a reference MCS used by ACK/NACK information may be
cor

. M, . . .
generalizes as MCSWf = —=- and the number of transmitted symbols of the ACK/NACK information may be repre-

X
sented as follows.

Auw Auw M
X

M, n=|Nyy-101%° 'IWCSrqf =| N,y 101 N
[Equation 60] .

where N,y denotes a payload size of ACK/NACK information, and A,y denotes a parameter expressing, in dB, an
offset value for compensating for a difference between a block error rate of data and a block error rate of ACK/NACK
information and a difference between a data encoding scheme and a ACK/NACK information encoding scheme, and
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M,,n denotes the number of finally transmitted symbols of ACK/NACK information.
[0150] To solve a quantization problem, a method for calculating the number of transmitted symbols of ACK/NACK
information through a physical channel is as follows.

[Equation 61] My Ny ZNyy By My

AA/N
where B,y denotes a value obtained by quantizing () 10 When My, Ny, By, and Ny are given, My is the

smallest integer satisfying Equation 61.
Embodiment 4

[0151] Differently from data or CQI/PMI, ACK/NACK information and rank indication transmitted on a UL-SCH always
use quadrature phase shift keying (QPSK) or binary phase shift keying (BPSK) modulation. To implement such a specific
modulation scheme, the ACK/NACK and rank indication may use only 4 outermost coordinates (2 outermost coordinates
when BPSK is used) of a modulation constellation of the data or CQI/PMI.

[0152] FIG. 12 illustrates an example of modulation constellation coordinates used by ACK/NACK information and
rank indication when data and CQI/PMI use a 16 quadrature amplitude modulation (QAM) scheme. FIG. 13 illustrates
an example of modulation constellation coordinates used by ACK/NACK information and rank indication when data and
CQI/PMI use a 64 QAM scheme.

[0153] Asillustrated in FIGs. 12 and 13, if ACK/NACK information and rank indication use the 4 outermost coordinates,
since the locations of symbols of the ACK/NACK information and rank indication may be farthest away from each other
in terms of Euclidean distance, performance may be improved.

[0154] However, if only the outermost coordinates are used on modulation constellation coordinates, an average
power of transmission of ACK/NACK information and rank indication is greater than 1 under the assumption that an
average power of transmission of data and CQI/PMI is 1. Accordingly, when calculating the number of transmitted
symbols of the ACK/NACK information and rank indication on a UL-SCH, if a modulation order of the data or CQI/PMI
is 16 QAM or 64 QAM, a method is proposed for calculating the number of transmitted symbols of the ACK/NACK

AQ,AM
information and rank indication on the UL-SCH using an additional compensation offset parameter ﬁ =10 10
QAM

AA/N é&',
in addition to a compensation offset parameter or — 10
P P By =101 B =10 .
[0155] When the modulation order of the data or CQI/PMI is QPSK, My, and Mg, are calculated using the above-
described Embodiments 1-A, 1-B, 2-A, and 2-B. When the modulation order of the data or CQI/PMI is 16 QAM, the

Apr g pam
number of symbols of corresponding information is calculated using B "”,B ﬁ =10 10 or
Rl T FROF60aM T

CALIAOU. o od of a S Embodiments 1-A, 1
s . _ 5 instead o _ ¢ or — 10 in Embodiments 1-A, 1-
ﬂA/N - /BA/N 'ersQAM =10 : 181%1 =10 'B/UN 10

B, 2-A, and 2-B.
[0156] When the modulation order of the data or CQI/PMI is 64 QAM, the number of symbols of information is calculated

A
Agr +Ass0am Assw e i

using 2 _ _ or A instead of 10t
/BRI - ﬂm 'ﬁléQAM =10 " B =By ﬁMQA,x, =10 10 :BR[ 10

’AAI:\‘
or _ 10 in Embodiments 1-A, 1-B, 2-A, and 2-B.
/BA/N =10

[0157] To compensate for a difference in power of the ACK/NACK information and the rank indication when using 16
AR:‘

Asw
QAM or 64 QAM as the modulation order of the data or CQI/PMI, offset values ﬂ =10 fék and ,H _ 10_;6“ of
AIN RI

the ACK/NACK information and the rank indication may be set differently according to the modulation order. Therefore,
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a corresponding offset value is used according to the modulation order of the data or the CQI/PMI.
Embodiment 5

[0158] The maximum numbers of transmissible symbols of rank indication and ACK/NACK information may be limited.
As a method proposed in the present invention, when calculating M,y which is the numbers of transmitted symbols of
the ACK/NACK information, if M,y is greater than the maximum number of transmissible symbols of ACK/NACK infor-
mation, My, is set to the maximum numbers of transmissible symbols of the ACK/NACK information. In addition, when
calculating Mg, which is the numbers of transmitted symbols of the ACK/NACK information, if Mg, is greater than the
maximum number of transmissible symbols of rank indication, Mg, is set to the maximum numbers of transmissible
symbols of the rank indication. The maximum numbers or values of My, and Mg, may be 12XNggx4. Herein, Ngg
denotes the number of resource blocks (RBs) transmitted through a physical uplink shared channel (PUSCH). If one
RB is transmitted through the PUSCH, the maximum values of M,y and Mg, are 48.

[0159] As in Embodiment 1-B, if the data, CQI/PMI, and rank indication are multiplexed, the number of transmitted
symbols of the rank indication may be calculated last according to circumstances. Then it is confirmed whether the
number Mg, of transmitted symbols of the rank indication exceeds a maximum transmissible value. If Mg, exceeds the
maximum value, Mg, is limited to the maximum value and symbols of the data or CQI/PMI corresponding to a difference
between the calculated Mg, and the maximum transmissible value are further transmitted.

Embodiment 6

[0160] In some cases, a reference code rate greater than 1 may be set or calculated. If the reference code rate is
greater than 1, CQI/PMI, rank indication, and ACK/NACK information are not decoded in an eNB and a UE may transmit
unnecessary information. In this case, the number of transmitted symbols of the CQI/PMI, rank indication, and ACK/
NACK information may be set to 0 and only data may be transmitted.

[0161] To efficiently use one uplink, an eNB may not generate a circumstance having a code rate greater than 1. If a
UE senses such a circumstance, it is determined that the eNB has made a mistake or the UE has read different control
information so that no information may be transmitted to the uplink.

Embodiment 7

[0162] In a communication system, if an error occurs in a data packet due to failure of receipt after the data packet is
transmitted, the corresponding data packet is re-transmitted. Retransmission may be commended by eNB or may be
performed via a predetermined schedule.

[0163] FIG. 14 shows a HARQ process for explaining data retransmission. As shown in FIG. 14, it is configured that
maximum process is set to be 8 processes and maximum retransmission time is set to be 4. In each process, when the
UE receives UL_Grant from the eNB at ny,, subframe timing, the UE start to transmit data in n+4th subframe.

[0164] For example, in process 1, if the UE does not receive ACK from the eNB during 3 times retransmission of data
(e.g., denoted by ’1’ in FIG. 14) stored in a buffer after starting to transmit data in a n+4y, subframe, the UE performs
buffer flush, reconstructs the data and transmits the reconstructed data (e.g., denoted by 1, in FIG. 14). Process 2 is
an identical case to the process 1. In Process 3, if the UE receives ACK from the eNB after retransmitting data (e.g.,
dented by 3 in FIG. 14) 2 times, the UE transmits new data (e.g., denoted by 3’ in FIG. 14) at 4t transmission timing.
In addition, in process 3, if the UE does not receive ACK from the eNB after transmitting the new data, the UE retransmits
the new data at 5t transmission timing. Processes 4 to 6 can be explained as described above. In addition, each of
processes 1 to 8 is operated independently.

[0165] In the case where re-transmission occurs, if decoding is performed using an initially received data packet and
a data packet received by re-transmission, a success probability of receiving the data packet is increased even though
not all resources employed when the data packet is initially transmitted are used.

[0166] For example, when the communication system operates such that the initial data packet is transmitted without
errors with a probability of 90%, the system does not encounter any problem even when the data packet is re-transmitted
at a code rate higher than a code rate of the initial data packet. Transmitting a data packet at a high code rate means
that less physical transmission resources are used than during the initial transmission of the data packet.

[0167] In the present invention, a method for calculating a reference MCS using a packet size of data and the total
number of symbols which can be transmitted through a PUSCH and a method for calculating the number of transmitted
symbols of CQI/PMI and rank indication using the reference MCS have been proposed.

[0168] However, even though a lower number of symbols of data is transmitted than during initial transmission, no
problem occurs in system operation and efficiency may be improved. Accordingly, a lower number of total symbols on
a PUSCH may be allocated during retransmission of data. At this time, CQI/PMI and/or rank indication may be multiplexed
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with re-transmitted data and then may be transmitted.

[0169] Ifthereference MCS is calculated using the total number of symbols which can be transmitted at a corresponding
PUSCH transmission time, a code rate which can stably transmit the CQI/PMI and/or the rank indication may not be
set. FIG. 15 is a diagram explaining a use relationship of a reference MCS during re-transmission of data. As illustrated
in FIG. 15, while data is re-transmitted through a PUSCH, a method for calculating the numbers of transmitted symbols
of CQI/PMI, rank indication, and ACK/NACK information is proposed using a code rate used during the initial transmission
of data.

[0170] More specifically, a reference MCS in the following Equation 62 to calculate the number of transmitted symbols
of information X employs a reference MCS used when data is initially transmitted.

Ay
My =|Ny-10" -MCS,,
[Equation 62]

where MCS,sdenotes a reference MCS when the data is initially transmitted, Ny denotes a payload size of information
X, Ay denotes a parameter expressing, in dB, an offset value for compensating for a difference between the decoding
scheme of data and the decoding scheme of the information X, and My denotes the number of transmitted symbols of
information X. The information X can be CQI/PMI, rank indication or ACK/NACK information.

[0171] The equation 62 can be expressed by the following equation 63.

oM PUSCH —initial NPUSCH ~initial ﬁPUSC‘H
Q! . s¢ symb offset

C-1
Sk,

[Equation 63] r=0

[0172] In the Equation 63, Q’is the number of transmitted symbols of the control information (e.g., CQI/PMI, rank
indication or ACK/NACK information) when the data is retransmitted, O is the payload size of the control information

when the data is retransmitted. Ni,[é;zCH'miﬁa‘ is a number of SC-FDMA symbols per subframe for Physical Uplink

Shared Channel (PUSCH) transmission when the data is initially transmitted and g *USCH -initiel g g scheduled band-
AYs

PUSCH —initial

. is the total
symb

width PUSCH transmission when the data is initially transmitted. Thus, MﬁUSC”"'”m"[ -N

number of transmissible symbols of Physical Uplink Shared Channel (PUSCH) when the data is initially transmitted.

C-
[0173] (;]fﬁw is the offset value. Z K,, is the payload size of the data when the data is initially transmitted, r is
r=0

code block number of the data before channel coding, K, is a number of bits in code block number r, and C is a total
number of code blocks.

[0174] In an LTE system, when a data packet is re-transmitted, redundancy version (RV) numbers are assigned
according to a re-transmission form. However, in transmission through a PUSCH, RV numbers 1, 2, and 3 among RV
numbers 0, 1, 2, and 3 are used only for retransmission. Therefore, if data is transmitted during PUSCH transmission
withthe RV number 1, 2, or 3, the numbers of transmitted symbols of CQI/PMI, rank indication, and ACK/NACK information
are calculated using a reference MCS when data is transmitted with the RV number 0. Namely, if data is retransmitted,
the numbers of transmitted symbols of CQI/PMI, rank indication, and ACK/NACK information are calculated by using
the equation 63.

[0175] In embodiment 7, a function of each module of a UE during re-transmission of the data is as follows.

[0176] FIG. 16 is a block diagram of a UE according to an exemplary embodiment of the present invention. A UE 130
includes a first channel coding module 131, a second channel coding module 132, and a transport module 133. The UE
130 may further include modules such as a multiplexing module, a transport module, and an interleaving module but
these are omitted for convenience of description.

[0177] The first channel coding module 131 performs channel coding upon data to be retransmitted. The second
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channel coding module 132 performs channel coding upon control information.

[0178] The second channel coding module 132 calculates the number of transmitted symbols of the control channel
by using the Equation 63.

[0179] The transport module 133 performs channel interleaving upon the first channel-coded data and the second
channel-coded control information and transmits the interleaved uplink signal to an uplink.

[0180] According to the above-described configuration, a code rate for stably transmitting the CQI/PMI and/or rank
indication during re-transmission of data can be set.

[0181] As is apparent from the above description, when data and control information are transmitted via an uplink
channel, an uplink signal including the data and control information can be transmitted by accurately calculating code
rates of the data and control information.

[0182] The present invention may be applied to a UE, an eNB or other equipment of a radio mobile communication
system. If applied to an eNB, the eNB performs a deinterleaving and decoding operation to derive the signal from the
encoded/interleaved signal sent by the UE.

[0183] FIG. 17 is a block diagram showing constitutional elements of a device 50, that can be either a UE or an eNB,
and that can perform the methods described above. Device 50 includes a processor 51, a memory 52, a radio frequency
(RF) unit 53, a display unit 54, and a user interface unit 55. Layers of the radio interface protocol are implemented in
the processor 51. The processor 51 provides the control plane and the user plane. The function of each layer can be
implemented in the processor 51. The processor 51 may also include a contention resolution timer. The memory 52 is
coupled to the processor 51 and stores an operating system, applications, and general files. If device 50 is a UE, the
display unit 54 displays a variety of information and may use a well-known element such as a liquid crystal display (LCD),
an organic light emitting diode (OLED), etc. The user interface unit 55 can be configured with a combination of well-
known user interfaces such as a keypad, a touch screen, etc. The RF unit 53 is coupled to the processor 51 and transmits
and/or receives radio signals.

[0184] The embodiments described above are provided by combining constituent elements and features of the present
invention in specific forms. The constituent elements or features of the present invention may be considered optional if
not explicitly stated otherwise. The constituent elements or features may be implemented without being combined with
other constituent elements or features. The embodiments of the present invention may also be provided by combining
some of the constituent elements and/or features. The order of operations in the embodiments of the present invention
may be changed. Some constituent elements or features of one embodiment may be included in another embodiment
or may be replaced with corresponding constituent elements or features of another embodiment. It is apparent that the
present invention may be embodied by a combination of claims which do not have an explicit cited relation in the
appended claims or may include new claims by amendment after application.

[0185] The embodiments of the present invention have been described focusing on the data communication relation-
ship between an eNB and a UE. Here, the eNB refers to a terminal node of a network communicating directly with the
UE. In some cases, a specific operation described as being performed by the eNB may be performed by an upper node
of the eNB.

[0186] Namely, it is apparent that the eNB or any other network nodes may perform various operations for commu-
nication with the UE in a network comprised of a plurality of network nodes including the eNB. The term 'eNB’ may be
replaced with the term ‘fixed station’, 'Node B’, ’access point’, etc. The term '"UE’ corresponds to a mobile station (MS)
and the MS may be replaced with the term 'subscriber station’ (SS), ‘'mobile subscriber station’ (MSS), 'mobile terminal’,
etc.

[0187] The UE employed in the present invention may be a personal digital assistant (PDA), a cellular phone, a
personal communication service (PCS) phone, a global system for mobile (GSM) phone, a wideband code division
multiple access (wide CDMA) phone, a mobile broadband system (MBS) phone, etc.

[0188] The embodiments of the present invention may be implemented by various means, for example, hardware,
firmware, software, or a combination thereof.

[0189] In a hardware configuration, methods according to the embodiments of the present invention may be imple-
mented by one or more application specific integrated circuits (ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays (FPGAs), processors,
controllers, microcontrollers, microprocessors, etc.

[0190] In a firmware or software configuration, methods according to the embodiments of the present invention may
be implemented in the form of modules, procedures, functions, etc. which perform the above-described functions or
operations. Software code may be stored in a memory unit so as to be driven by a processor. The memory unit is located
at the interior or exterior of the processor and may transmit data to and receive data from the processor via various
known means.

[0191] The present invention may be embodied in other specific forms than those set forth herein without departing
from the essential characteristics of the present invention. The above description is therefore to be construed in all
aspects as illustrative and not restrictive. The scope of the invention should be determined by reasonable interpretation
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ofthe appended claims and all changes coming within the equivalency range of the invention are intended to be embraced
in the scope of the invention.

Claims

1.

A method of transmitting a first and a second uplink signal, the first and second uplink signals each having data and
control information, comprising:

channel encoding the control information of the second uplink signal based on a number of symbols of control
information to produce first channel encoded data, the step of channel encoding including

determining the number of symbols in accordance with a payload size of the data of the first uplink signal and
a total number of transmissible symbols of a Physical Uplink Shared Channel (PUSCH) of the first uplink signal.

The method of claim 1, wherein the step of determining comprises:

determining the number of symbols in accordance with a payload size of the control information of the second
uplink signal and an offset value applied to the control information of the second uplink signal.

The method of claim 1 or 2, further comprising:

channel encoding the data of the second uplink signal to produce second channel encoded data;
channel interleaving the first and second channel encoded data to generate the second uplink signal; and
transmitting the second uplink signal.

A method of processing received first and second uplink signals, the first and second uplink signals each having
data and control information, comprising:

channel decoding channel encoded data with a payload size of the data of the first uplink signal and a total
number of transmissible symbols of a Physical Uplink Shared Channel (PUSCH) of the first uplink signal to
produce the control information of the second uplink signal.

An apparatus configured to transmit a first and a second uplink signal, the first and second uplink signals each
having data and control information, the apparatus comprising:

a RF unit;

a memory; and

a processor operatively connected to the RF unit and the memory, the processor configured to channel encode
the control information of the second uplink signal based on a number of symbols of control information to
produce first channel encoded data by determining the number of symbols in accordance with a payload size
of the data of the first uplink signal and a total number of transmissible symbols of a Physical Uplink Shared
Channel (PUSCH) of the first uplink signal.

The apparatus of claim 5, wherein the processor is configured to determine the number of symbols in accordance
with a payload size of the control information of the second uplink signal and an offset value applied to the control
information of the second uplink signal.

The apparatus of claim 5 or 6, wherein the processor is configured to

channel encode the data of the second uplink signal to produce second channel encoded data;

channel interleave the first and second channel encoded data to generate the second uplink signal; and
transmit the second uplink signal.

The apparatus of claim 6, wherein the number of symbols of control information satisfies the expression:
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PUSCH
M RE

M, = Nx’ﬂx' N

data

where
My is the number of the symbols of the control information,

Ny is the payload size of the control information,
Bx is the offset value,
Nyt is the size of the data of the first uplink signal,

MggSCH is the total number of transmissible symbols of Physical Uplink Shared Channel (PUSCH) of the first

uplink signal, and "™ ﬂ denotes a ceiling function.

The apparatus of any one of claims 5-8, wherein the control information is one of channel quality control information
and a rank indication, and

wherein the channel quality control information includes at least one of Channel Quality Information (CQl) and a
Precoding Matrix Indicator (PMI).

The apparatus of any one of claims 5-9, wherein the control information is one of channel quality control information
and a rank indication, and

wherein a payload size of the channel quality control information includes a size of Cyclic Redundancy Check (CRC)
attached to the channel quality control information.

The apparatus of any one of claims 5-10, wherein the processor is configured to retrieve the payload size of the
data of the first uplink signal and the total number of transmissible symbols of the Physical Uplink Shared Channel
(PUSCH) of the first uplink signal from a memory or a cache.

The apparatus of claim 6, wherein the number of symbols of control information satisfies the expression:

0 M PUSCH ~initial NPUSCH ~initial  PUSCH
Ql = s¢ symb offset

- C-1
S K,

r=0

where
Q’is the number of the symbols of the control information of the second uplink signal,
O is the payload size of the control information of the second uplink signal,

N"‘[;{r‘;iCH'i“m‘ is a number of SC-FDMA symbols per subframe for Physical Uplink Shared Channel (PUSCH)

M :’ USCH —initial

transmission of the first uplink signal, is a scheduled bandwidth PUSCH transmission for Physical

Uplink Shared Channel (PUSCH) transmission of the first uplink signal,
PUSCH
offset

C-1

Z Kr is the payload size of the data of the first uplink signal, r is code block number of the data of the first uplink

r=0

signal before channel coding of the data of the first uplink signal, K, is a number of bits in code block number r, and

C is a total number of code blocks.

is the offset value,
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13. An apparatus configured to process received first and second uplink signals, the first and second uplink signals

14.

15.

each having data and control information, the apparatus comprising:

a RF unit;

a memory; and

a processor operatively connected to the RF unit and the memory, the processor configured to channel decode
channel encoded data with a payload size of the data of the first uplink signal and a total number of transmissible
symbols of a Physical Uplink Shared Channel (PUSCH) of the first uplink signal.

The apparatus of claim 13, wherein the processor is configured to channel decode the channel encoded data with
a payload size of the control information of the second uplink signal and an offset value applied to the control
information of the second uplink signal.

The apparatus of claim 14, wherein a number of symbols of control information decoded by the decoder satisfies
the expression:

PUSCH ~initial PUSCH —initial PUSCH
Qr _ o-M 5C N symh ’ ﬁ offset

C-1
Sk,
r=0

where
Q’is the number of the symbols of the control information of the second uplink signal,
O is the payload size of the control information of the second uplink signal,

VPUSCH-initial . . .
¥ symb is a number of SC-FDMA symbols per subframe for Physical Uplink Shared Channel (PUSCH)

PUSCH —~initial
iw S¢

transmission of the first uplink signal, is a scheduled bandwidth PUSCH transmission for Physical

Uplink Shared Channel (PUSCH) transmission of the first uplink signal,

ISCH
ﬂm;ga{ is the offset value,
offset

C-1

Z Kr is the payload size of the data of the first uplink signal, r is code block number of the data of the first uplink
r=0}

signal before channel coding of the data of the first uplink signal, K, is a number of bits in code block number r, and
C is a total number of code blocks.
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